Abstract. Asymptotic expansions of the distributions of thirteen fit indexes used in covariance structure analysis in practice are obtained. The fit indexes include the usual log likelihood ratio statistic for a posited model and the functions of this statistic and the corresponding statistic of the so-called baseline model of uncorrelated observed variables. The results are derived by the two-term Edgeworth expansion under fixed alternatives for possibly nonnormally distributed data. A numerical example using a misspecified factor analysis model is shown to see the behavior of the asymptotic results in finite samples.
Purpose
In covariance structure analysis, various indexes are used to assess the goodness-of-fit of a posited model. Among these fit indexes, the classic log likelihood ratio chi-square statistic is a basic one with the assumption of multivariate normality for observed variables under the null hypothesis of a true model. Let F be the discrepancy function for Wishart maximum likelihood estimation, i.e. n F has asymptotically the noncentral chi-square distribution. Under normality this can be used for testing models. In the local alternative the population covariance matrix is assumed to be a function of n, which is a technical one to have the noncentral distribution and is not a realistic assumption.
In practice, it is known that when the sample size is large, n F tends to become large, which indicates that fixed alternative hypotheses are more realistic. In practice, data are usually nonnormally distributed. Ogasawara (2007a) derived the asymptotic distributions of various fit indexes including the chi-square statistic by the single-term Edgeworth expansion under nonnormality and fixed alternatives. In this paper the results are extended to the two-term Edgeworth expansion with simulations for confirmation with a finite sample size.
Fit indexes
As in Ogasawara (2007a), thirteen fit indexes including F are dealt with in this article. The members of the first group ([1] to [8] given below) are the fit indexes as functions of F while the members of the second group ([9] to [15] ) use the so-called baseline model of uncorrelated observed variables as well as F . They are defined as
where F is as before; B ( ) E( ) ( ), 
Using the asymptotic cumulants of (2), it is known that the following distribution function by the two-term Edgeworth expansion is valid for nonnormal data under regularity conditions: 
Numerical illustration
A numerical example using a misspecified one-factor model as in Ogasawara (2007a) is presented, where the true covariance matrix is given by the two-factor model:
. 6 .6 .6 .6 .6 .6 ' , , .3 .3 .3 .3 .3 .3 diag(.55, .55, .55, .55, .55, .55, .55) .
Normal and nonnormal observations with sample size N=300 were randomly generated by , where SD is the usual standard deviation for a fit index given by 1,000,000 estimates. 
